Background: Intracranial arachnoid cysts are collections of cerebrospinal fluid within the arachnoid membrane and subarachnoid space of the cisterns and major cerebral fissures that account for about 1% of all intracranial lesions. Expansion of the cyst and compression on surrounding structures may became symptomatic, which reflects its size and anatomic distribution. Case presentation: Here, we present a very rare case of patient with supratentorial intraparenchymal arachnoid cyst placed in the left frontal lobe without any communication with the subarachnoid space and ventricle and presented with clinical symptoms. The patient underwent fenestration of the lesion and was clinically improved. Conclusions: Although the etiology and the enlargement mechanism of arachnoid cysts remain unclear, both conservative and surgical treatments are optional. According to size, anatomical location, neuroimaging, and clinical symptoms, an arachnoid cyst should be included in the differential diagnosis of primary intracerebral cysts.
Background
Intracranial arachnoid cysts are collections of cerebrospinal fluid (CSF) covered by arachnoid cells and collagen that account for about 1% of all intracranial lesions [1] [2] [3] [4] . Arachnoid cysts occurs within the arachnoid membrane and in subarachnoid space of the major cerebral fissures and arachnoid cistern, most commonly within the Sylvian fissure, while other sites include the quadrigeminal plate, sellar and suprasellar region, quadrigeminal cerebellopontine angle, posterior infratentorial midline cisterns, and convexities [2] [3] [4] [5] . Arachnoid cysts may result from either developmental defects or inflammatory or traumatic processes, hemorrhage, chemical irritation, or tumors that result with CSF sequestration [2, 6] . While cysts are usually encountered as incidental asymptomatic findings, some of them can expand, can compress surrounding structures, and therefore became symptomatic, mostly in early childhood [3] .
Neurological signs and symptoms reflect the size and anatomic distribution of arachnoid cyst as well as their impact on CSF flow.
To our best of knowledge, there have been only few reported cases of supratentorial intraparenchymal arachnoid cyst [1, [4] [5] [6] [7] [8] . We present a case of an arachnoid cyst arising in the left frontal lobe without any communication with the subarachnoid space and ventricle.
Case presentation
A 74-year-old female patient presented with a 1-month history of vertigo, gait problems, nausea, and intermittent headache. There were no other symptoms nor were there any neurological deficits at the time of admission. Initial computerized tomography (CT) and magnetic resonance imaging (MRI) revealed a well-defined nonenhancing mass in the left frontal lobe. T1-weighted images showed a large cystic intra-axial mass measuring 3.7 × 3.8 cm containing partly homogenous low signal intensity with part of denser fluid; after the administration of intravenous contrast, the mass showed no enhancement ( Fig. 1 ). On the T2-weighted images, the lesion had homogeneously high signal intensity. No surrounding brain edema was present ( Fig. 2 a, Fig. 4 a, c).
Additionally, fluid attenuation inversion recovery (FLAIR) sequence showed that mass is comparable to the CSF and pointed towards differences in fluid density inside the cyst (Fig. 3a , c) (Additional file 1). The mass appeared to be situated entirely within the brain parenchyma, separated from both lateral ventricles and the subarachnoid space ( Fig. 1 Fig. 2a ; Fig. 3a , c; Fig. 4a , c).
Patient underwent a left-sided frontal craniotomy. During the surgery, the intraparenchymal cyst without communication with the arachnoid and lateral ventricle was identified. No visual difference in fluid density or color inside the cyst was observed. The cyst contained clear CSF-like fluid, which was evacuated. The cyst was opened widely; the cyst wall consisted exclusively out of white matter, and thin incomplete septa was observed within the cyst. The cyst was connected to the lateral ventricle by performing fenestration and resecting thin membrane separating it. Fluid sample, cyst wall sample, and septa within were collected for further examination. Surgery went without complications.
Pathohistological examination showed a delicate cystic structure lined by a flattened or cuboidal epithelium. On immunohistochemical staining, this epithelium showed positive reaction for epithelial membrane antigen (EMA) and negative for glial fibrillary acidic protein (GFAP) ( Fig. 5 ). Analysis of the cystic fluid demonstrated a composition similar to that of normal CSF. Cytopathology of the fluid did not show the presence of any malignant cells or inflammatory cells. According to all mentioned, this cystic lesion was therefore diagnosed as an arachnoid cyst. The patient did not show any neurological deficits in the postoperative period and was discharged 5 days after surgery. Three months afterwards, an MRI as well as a further neurosurgical control were performed. Initial neurological symptoms were improved, and MRI revealed a discrete reduction in cyst size without signs of complications ( Fig. 2b; Fig. 3b, d; Fig. 4b, d ).
Conclusions
The primary intracerebral cysts include ependymal, neurenteric, and epidermoid/dermoid cysts. Pathohistologically, arachnoid cyst is lined by flat or cuboidal cells overlying the fibrous connective tissue, unlike neurenteric cysts which are covered with simple to pseudostratified epithelium, epidermoid/dermoid cysts with keratinizing epithelium, or ependymal cysts in which case a basement membrane on the epithelial lining, which is present in arachnoid cysts, lacks [1, 4, [9] [10] [11] . Immunohistochemically, the epithelium of an arachnoid cyst wall cells showed positive reaction for EMA and negative for GFAP, S-100, and carcinoembryonic antigen (CEA). Additionally, neurenteric cysts are usually positive for CEA, marker of the embryonic gastrointestinal tract, and negative for neuronal and ectodermal markers such as GFAP, S-100, neuronspecific enolase, and synaptophysin [9, [12] [13] [14] . On the contrary, ependymal cysts show positive reaction for GFAP and negative for CEA [12, 13] .
The differential diagnosis in-between primary intracranial cysts are very important for adequate treatment. Some symptomatic cysts, such as neurenteric and epidermoid/dermoid, should be properly surgically removed, including both cystic wall and content to avoid recurrences [9, 10] . In our case, a parasitic echinococcosis cyst, cystic secondary lesion, or cystic Several treatment options are currently optional for arachnoid cysts management, such as a craniotomy with resection of the cyst walls and content, stereotactic aspiration or fenestration of the cyst cavity, and neuroendoscopic fenestration or a shunting procedure [4] [5] [6] 15] . If the cyst is located in a non-eloquent area and the resection of cyst from brain tissue is possible without damage, total excision of cyst, including both wall and contents, is the most appropriate treatment for symptomatic lesion [4] .
Ongoing hypothesis for intraparenchymal cysts is that arachnoid cells of mesodermal origin can be present in neuroectodermal tissue as misplaced embryonic cellular remnants [4, 16] . So far, in literature, there are only a few described cases of intracerebral cysts similar to arachnoid cyst [1, [4] [5] [6] [7] [8] .
The etiology of arachnoid cysts yet remains unclear. Several theories have been proposed to explain the arachnoid cyst genesis such as corpus callosum agenesis, aberration in the development of the arachnoid, malformations of the cerebral venous systems, or CSF flow abnormalities [2] [3] [4] . Most of the arachnoid cysts remain constant through life; however, their enlargement cannot be explained with previously described theories, such as active CSF secretion from walls of the cysts, osmotic gradient between cystic content and CSF caused by a higher protein concentration in the cyst fluid, or cyst contents communicating with the subarachnoid space via ball-valve mechanisms that entrap CSF during Valsalva maneuvers [2, [17] [18] [19] . Previously mentioned mechanisms cannot explain neither the expansion of the presented cyst nor the missing communication between the cyst and subarachnoid space.
In the presented case, the establishment of diagnosis and treatment of the patient's symptoms were indications for surgery. Since no definitive diagnosis was made through neither clinical nor neuroradiological examinations, evacuation and resection of the cyst was performed with cyst fluid and wall sample collection. Although the symptoms are highly unspecific and cannot be completely linked to the existence of cyst or compressive effect of the cyst itself, the surgical treatment has provided improvement in the symptoms.
Since the majority of intracranial cyst remains in constant size and these are no neurological signs, conservative treatment and neuroradiological follow- 
